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The Effects of Fertilization 
.on Growth and Nutrient Concentration 
· In Young Loblolly Pine 
The Effects of Fertilization 
On Growth and Nutrient Concentration 
In Young Loblolly Pine 
R. G. MERRIFIELD AND R.R. FOIL 
INTRODUCTION 
Demands on fore t land for increa ed production of timber crops 
have grown steadily during recent years, both in this country and 
abroad. Population growth promises a continued expansion in demand 
as well as further removal of land re ources from forest production to 
other uses. These and other pres ures point to the need for an intensi-
fication of management practices designed to accelerate wood produc-
tion. 
Agronomists, when confronted with similar problems in crop pro-
duction, have found fertilization to be a very important cultural prac-
tice necessary for atisfactory yield. In United States forestry, fertilizers 
have been largely limited to pecial uses such as in seedling nurseries, 
seed orchards, and seed production areas. Elsewhere in the world fer-
ti lizers have been ucce sfully u ed to ti mu late wood production (Tamm, 
1958). 
As the competition for land becomes more critical, forests will very 
likely be relegated to le s productive ites. Improving the nutrient status 
of the soil by fertilization may offer one means by which tree growth can 
be increased on such marginal areas. The need for fertilizing forest 
stands growing on unproductive ites has been ably demonstrated in 
foreign countries for man ear . Experiences in Australia have shown 
that applications of pho phoru and zinc are required to prevent stag-
nation and growth di order in tand of cer tain exotic pines occupying 
inferti le sa ndy soils ( toate, 1950) . Ma er-Krapoll (1956) estimated that 
on 65 per ent of the total fore t area in 'Ve t Germany, tree growth was 
reduced becau e of exten i e formation of raw humus and strong soil deg-
radation. Application of lime and nitrogen have resulted in the decom-
position of raw humu , thu providing additional nutrients for tree 
growth and improving oil moi ture characteristics. In Britain and the 
candinavian countries, Le ton (195 ) and Tamm (I 958) reported that 
on peat soils ati factor growth of coniferous species cannot be main-
tained without the addition of pho phorus. These experiences are repre-
entative of tho e in other countrie and erve to emphasize that the place 
of fertilizers in fore tr is probabl re tricted to those soil with a clearly 
defined mineral deficiency (' ilde et al., 1942). 
Silvicultural pra tice ma eventually induce nutrient deficiencies in 
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soils that are presently considered productive. Rennie (1955) pointed ~,> J 
out that only unexploited forests are nutritionally "self-perpetuating," 
and the removal of essential elements by repeated cutting will ultimately 
degrade the soil. He recommended fertilization as a means of main-
taining soil productivity under a continuous cropping system. In re-
viewing the consequences of a pine monoculture in the South, Chaiken 
(1961) suggested fertilization as one possible measure for maintaining 
high productivity levels in such stands. 
Klebs' concept, as discussed by Kramer and Kozlowski (1960), pro-
poses that environmental factors affect the growth of a plant through 
its internal processes and conditions, and that the magnitude of this 
effect is governed by the genetic constitution of the plant. The ability 
of hybrid corn to produce higher yields as a result of more efficient 
utilization of nutrients is one of many examples that illustrate this con-
cept. In light of the accomplishments made by breeding and selection in 
agronomic crops, it is entirely possible that a tree's genetic potential 
for the utilization of nutrients can be increased. On most sites there 
may be adequate nutrients for native strains of trees, but genetic im-
provement will probably result in a need for higher levels of soil fer-
tility (York, 1958). 
Flowering and the subsequent bearing of seed is strongly influenced 
by the nutritional status of a tree. According to Kramer and Kozlowski 
(l 960) a high concentration of carbohydrates and a moderate supply of 
nitrogen are usually required for maximum seed production. Fertiliza-
tion may offer a practical means of obtaining greater yields in seed 
orchards and other seed production areas. 
For the reader who is interested in a review of forest fertilization liter-
ature, there are several source publications which provide a very compre-
hensive coverage of the subject. A bibliography with abstracts of forest 
fertilization literature, prepared by White and Leaf (1957), contains an 
alphabetical listing of 700 references from world-wide sources and in-
cludes most material published prior to 1957. Mustanoja and Leaf (1965) 
compiled a bibliography containing 1,215 references published between 
1957 and 1964. A comparison of the number of references included in 
these two publications serves to point up the accelerated activity in 
forest fertilization research that has occurred in recent years. 
Stoeckeler and Arneman (l 960) give a rather extensive review of 
literature covering fertilization studies in established stands and in forest 
nurseries. A review of fertilization on southern forest trees is included in 
a publication by Walker and Tisdale (l 959). Kramer and Kozlowski 
( 1960) discuss nutritional relationships in trees from a physiological view-
point in their section on mineral nutrition and salt absorption. A de-
scription of new research projects and abstracts of published material 
dealing with forest fertilization are presented in an annual report issued 
by the National Plant Food Institute. 1 
iNational Plant Food Institute, 1700 K Street N .W., Washington, D.C. 
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PROCEDURE 
In January 1959 a study wa initiated at the North Louisiana Hill 
Farm Experiment Station to investigate the effects of fertilization at 
planting time on the subsequent growth of loblolly pine (Pinus taeda 
L.). The objectives of this study were to determine the amount and type • 
of nutrients or nutrient combinations which would produce the greatest 
growth response and to measure the effect of fertilization on the nutrient 
composition of the trees and the oil. 
The history of the experimental area is typical of many sites in the 
South on which pines have been planted, i.e., abandoned farm land 
which had been ubjected to intensive row-crop cultivation. The land • 
had been idle for 15 to 20 year and upported a stand of native grasses 
and briars in addition to cattered loblolly pine and sweetgum (Liquid-
ambar styraciflua L.). 
Soils of the study area are sandy loams and loamy fine sand of the 
Shubuta series. These oils are moderately well drained and medium to 
strongly acid with a slowly permeable subsoil. The Shubuta soils, in • 
association with those of the Ru ton, Kirvin, and other Coastal Plain 
series, are widely distributed throughout the pine growing region of 
Louisiana (Lytle and turgis, 1962). The fertility of these soils is char-
acterized in Table 1. ]though relatively infertile by agricultural stand-
• 
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The study area was an abandoned cotton field which had reverted to broomsedge, • 
loblolly pine, and weetgum. 
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TABLE 1.-Chemical Analysis of Soil Type Profiles Prior to Fertilization' 
Cation Per 
Organic exchange cent 
Depth matter p K Ca Mg capacity base 
Horizon (in.) (%) pH (ppm) (ppm) (ppm) (ppm) (m.e. / I 00 g.) saturation 
A p 0- 5 0.962 6.2 11 35 259 71 3.196 63.0 
A 2 5-10 0.808 5.4 5 22 130 25 2.761 35.8 
B 1 10-13 0.349 5.3 3 22 130 38 2.235 50.l 
8 21 13-26 0.766 4.9 3 91 346 380 14.108 37.2 
8 22 26-34 0.328 5.0 2 65 130 263 12.464 25.2 
A. 0- 5 0.584 5.3 7 22 130 38 2.629 42.6 
A
2 
5- 8 0.3 10 5.4 3 13 130 25 1.644 60.0 
A3 8-14 0.194 5.8 I 13 130 25 1.381 71.5 
B21 14-21 0.430 6.2 3 65 734 372 9.453 75.0 
B22 21-29 0.311 5.2 3 69 432 380 9.268 61.0 
B3 29-38 0.263 5.l 3 73 302 343 9.085 51.6 
1Phosphorus was extracted with 0.1 N HCl and 0.03 N NH,1F and cations were extracted with 0.1 N HCl. Cation exchange capacity was 
estimated by summat ion of the exchangeable metallic cations with exchangeable h ydrogen as determined by the barium acetate method. 
Per cent base saturation is expressed as the ratio of total exchangeable metallic cations to the cation exchange capacity. Subsequent analyses 
for phosphorus and cations followed the procedure described on Page IO. 
ards, these oils can produce sub tantial amounts of dry matter when 
properly fertilized. Johns et al. (1956) found that Coastal Bermudagrass 
yields were increased from l ton to 4 tons per acre following nitrogen 
applications of 200 pounds per acre. When supplemented with phos-
phorus and potassium, additional nitrogen resulted in increases up to 7 
tons of dry matter per acre. 
In preparing the planting site, all woody vegetation, including stumps 
and root tocks, was removed. The lesser vegetation was eliminated by 
repeated disking, and the entire area was harrowed twice to provide a 
smooth surface for planting. 
The planting tock u ed in this study were separated into morpho- • 
logical grades according to standards described by Wakeley (1954), and 
only the intermediate grade (Grade 2) seedlings were used. Seedlings 
were planted by hand on 0.11 -acre plots at a spacing of 5 x 10 feet. 
This spacing resulted in 66 measurement trees within the plot, with a 
single border row common to adjacent plots. An additional seedling was 
pl anted at both ends of each measurement row for the purpose of pro-
viding root, stem, and foliar material for chemical analysis without the 
necessity of destroying measurement trees. The entire series of plots 
covered an area of 9.68 acre . A diagram of plot design and arrange-
ment of trees within each plot is shown in Figure 1. 
The study consi ted of 22 treatments randomized in four blocks. 
Three levels, 50, 100, and 200 pounds per acre, of N, P20 5 , and K20 
TABLE 2.- Fertilizer Treatments 
Treatment utrients (lbs./ acre)l 
number P205 K20 
l 0 0 0 
2 50 (22 .6) 50 (41.5) 50 
8 50 0 0 
4 0 50 0 
5 0 0 50 
6 50 50 0 
7 50 0 50 
8 0 50 50 
9 100 (45.2) 100 (83) 100 
10 100 0 0 
11 0 100 0 
12 0 0 100 
13 100 100 0 
14 100 0 100 
15 0 100 100 
16 200 (90.4) 200 (166) 200 
17 200 0 0 
18 0 200 0 
19 0 0 200 • 20 200 200 0 
21 200 0 200 
22 0 200 200 
i Numbers in parenthese are the elementa l equivalen ts to the oxide forms shown. 
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Scal e 
Plot area: l" = 210 ' 
Plot detail: l" = 40' 
Plant Spac i ng: 5' x 10' 
Planted: January 1959 
FIGURE I-The study area, showing location of treatments within blocks and arrangement of trees within plots. Numbers 
in squares refer to treatments listed in Table 2. 
were u ed, with each level represented in all possible combinations with 
a zero level. Each block , a shown in Table 2 and Figure l , contained 
three se ts of seven treatment combinations plus a control , or a total of 
22 treatments. 
Sources of nutrients u ed in this study were ammonium nitra te (33.5 
per cent N) , superpho phate (20 per cent P 20 5), and muriate of potash 
(60 per cent K20 ). Where pho phorus and potassium were applied to 
the same plot, a 0-1 4-14 mixed fertilizer was used. In order to provide 
a supply of calcium and magnesium, dolomitic limestone was broadcast 
over the en tire study area at the rate of l ton per acre just prior to 
the fin al disking in the site preparation phase. j 
All fertilizer were applied in parallel bands 2 inches wide, 6 inches 
deep, and 6 inches on either ide of the eedling rows. Applications were 
made with a farm tractor equipped with a calibra ted fertilizer distributor 
and applicator foot. Phosphorus and potassium were applied just before 
planting, while ni trogen was put down in split applications during the 
spring following planting. 
During the first growing eason all competing vegetation was con-
trolled by repeated shall ow di king and plowing with conventional row-
crop machinery. Hand hoeing was necessary near the base of the trees 
where weeds could not be reached with tractor-drawn equipment. Weed 
control was maintained during subsequent growing seasons by the use 
of herbicides, until crown clo ure was complete and competing vegeta-
tion was no longer a problem. 
Control of Nantucket pine tip moth (R hyacionia frustrana Comst.) 
The experimental site was inten ivcl prepared prior to planting, and competing 
vegetation was controlled during the fir t year by repeated cultivation. 
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was accomplished by spraying with a 2 per cent mixture of DDT and 
water. The entire plantation was sprayed once a month between March 
and October and more frequently during periods of high precipitation. 
In an effort to maintain uniform competition among the measure-
ment trees, vacant areas resulting from first year mortality were planted 
with trees lifted from the plot border rows. Approximately 1,000 trees 
were transplanted during the winter between the first and second grow-
ing seasons, with almost l 00 per cent survival. These transplants were 
measured but are not included in the data presented in this report. 
Tree heights were measured following planting and again at the 
end of the first four and the sixth growing seasons. Diameter of the 
trees was measured at the ground line at the end of the first three years 
and at breast height following the fourth and sixth growing seasons. 
Soil samples were collected from the A and B horizons in each plot 
before the fertilizers were applied and at the end 0f the following four 
growing seasons. The sampling was confined to the vicinity of the fer-
tilizer bands. After collection the samples were air dried, ground to pass 
through a 2-mm. sieve, and stored in bottles for chemical analyses. 
Tissue samples were collected in July and November of each year. 
During the first year entire seedlings were lifted for tissue analysis, 
while only current year needles from the middle of the crown on the 
south side of the tree were sampled during the subsequent years. All 
samples were dried at 150° F., ground in a Wiley Mill to pass through 
a 20-mesh screen, and stored in closed containers. The samples were 
redried at 60° C. in a vacuum oven prior to analysis. 
Soil analyses included determinations for pH, available phosphorus, 
Intensive cultural treatments to control weeds .and insects were used during the course 
o( the study. 
9 
Roots of seedlings were found growing in fertilizer bands at the end of the first 
growing season. Superphosphate was evident when seedlings were lifted for tissue 
analyses. 
and exchangeable potas ium, calcium, and magnesium. The pH deter-
minations were made with a glass-electrode pH meter using a l :2 soil-
water suspension. Phosphoru was extracted with Bray's No. 1 solution 
(0.03 N NH4 F and 0.025 HCl) and determined colorimetrically on a 
spectrophotometer. The cation were extracted with 1 N ammonium 
acetate and mea. ured on a pectrophotometer with a flame attachment. 
• 
Tissue sample were analyzed for total nitrogen, phosphorus, po-
tassium, calcium, and magnesium. itrogen analy es were conducted at . , 
the Loui iana State niver it Feed and Fertilizer Laboratory using the 
Kjeldahl method. For the remaining nutrients the samples were di-
gested in HN03 and HC104 and the residue taken up in 1 N HCl. 
Phosphorus wa determined colorimetrically, while potassium, calcium, 
and magnesium were mea ured by flame photometry. 
RESULTS 
None of the treatments had a ignificant effect on seedling survival. 
Of the original 66 eedling planted in each plot, an average of 55, or 
83 per cent, were living after 4 ears (Table 3). 
The influence of fertilizer treatments on seedling growth and nu-
trient compo ition wa tronge t during the fir t growing season. Many 
of the effects of fertilization " hich " ere evident the first year did not 
10 
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TABLE 3.-Average Height and Survival of Loblolly Pine for Each Fertilizer Treatment 
Treatment 
N-P20 6-K 20 
(lbs. / acre) 
0- 0- 0 
50- 50- 50 
50- 0- 0 
().. 50- 0 
0- 0- 50 
50- 50- 0 
50- 0- 50 
0- 50- 50 
100-100-100 
100- 0- 0 
0-100- 0 
0- 0-100 
100-100- 0 
100- 0-100 
0-100-100 
200-200-200 
200- 0- 0 
0-200- 0 
().. 0-200 
200-200- 0 
200- 0-200 
0-200-200 
Average 
2.1 
2.3 
1.9 
2.3 
2.0 
2.3 
2.0 
2.4 
2 .4 
1.8 
2.4 
2.3 
2.4 
2.0 
2.4 
2.4 
1.5 
2.5 
2.2 
2.6 
1.7 
2 .4 
2.2 
2 
6.3 
6.6 
5.8 
6 .7 
6.0 
6.4 
6.1 
6.8 
6.6 
5.7 
6.8 
6.4 
6.4 
6.0 
6.8 
6.7 
4.9 
6.9 
6.2 
7.0 
5.8 
6.7 
6 .3 
Age (years) 
3 4 
Height in feet 
12.3 
12.3 
11.7 
12.8 
11.6 
12.2 
12.0 
12.8 
12.7 
11.8 
12.9 
12.2 
12.I 
11.9 
12.8 
12.7 
10.4 
12.8 
12.2 
13.1 
11.8 
12.4 
12.2 
16.6 
16.7 
16.1 
17.4 
16.2 
16.3 
16.4 
17.3 
17 .3 
16.3 
17.4 
16.8 
16.4 
16.4 
17.3 
1'7.1 
15.0 
17.2 
16.8 
17.3 
16.6 
17.0 
16.7 
6 
24.l 
25 .0 
24.5 
24.9 
24.3 
23.9 
24.9 
25.8 
25.6 
24.1 
25.8 
24.6 
23 .8 
24.4 
25.0 
25.0 
22.5 
25.3 
25 .0 
25 .3 
24.9 
24.9 
24.7 
Survival 
(per.cent) 
Age 4 
83 
74 
92 
77 
83 
77 
91 
76 
88 
88 
88 
80 
76 
85 
79 
92 
85 
89 
83 
83 
85 
85 
83 
occur during subsequent years or were much less pronounced. Except 
for small differences in height, practically all fertilizer effects had dis-
appeared by the sixth year (Table 3). 
The application of ammonium nitrate at the 200-pound level sig-
nificantly reduced tree height, unless an equal amount of P 20 5 was also 
applied (Figure 2). While nitrogen and phosphorus applied together 
increased tree height over the nitrogen treatment alone, this combina-
tion did not stimulate height growth over the check treatment. Applied 
singly, phosphorus in creased height growth by only 0.5 foot over the 
unfertilized trees . Since the height difference between N-treated and NP-
treated trees did not increase with age, it became a non-s ignificant factor 
by the fourth growing season. The same effect of nitrogen and phos-
phorus on height growth was observed at the 100- and 50-pound levels, 
but to a lesser degree. Diameter growth followed essentially the same 
response pattern as did height growth, but treatment differences were 
not as great. Potassium supplied as muriate of potash did not significantly 
influence either height or diameter growth during the 6-year period. 
Height growth for the entire plantation has been excellent, averaging 
slightly over 4 feet annually during the first 6 years. This rapid growth 
was undoubtedly due to the cultural treatments applied during the early 
11 
years of the study. Hansbrough et al. (1 964) reported a 4-foot increase 
in total height of 7-year-old loblolly pine where compe ting vege tation 
had been controlled by fumiga ting the planting site. In a companion 
study Merrifield et al. (1964) found that tip moth control was worth 2 
feet in total height of 7-year-old loblolly pine. 
Soil pH in the A horizon was significantly reduced by ammonium 
nitrate (Figure 3) . The reduction wa in proportion to the rates applied, 
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FIGURE 2.- The inleracLing effecl of nitrogen and pho phorus (erlilizers on height 
growlh of young loblolly pine. 
12 
• 
1 
j 
• 
•· 
• 
Although no positive growth response was obtained from fertilization, trees on the 
study area have made excellent growth (average annual height growth exceeding 4 
feet) largely as a result of effective weed control during first three growing seasons. 
5.4 .. 
5.2 ~ 
5.0 ~ 
4.8 -
4.6 -
4.4 -
0 50 0 100 0 200 
Nitrogen (lbs./acre) 
FIGURE 3.-The pH of the A horizon, one growing season after planting and fer· 
tilization, as affected by nitrogen applications. 
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ranging from 5.3 at the zero le el to 4.5 at the 200-pound level. Am-
monium nitrate also had the effect 0£ reduci ng the percentage 0£ phos-
phoru in the root , stems, and needles ampled during the first growing 
season (Figures 4, 5, and 6). Root ampled at the end of the first 
grow ing season were al o found to be low in phosphorus as a result of 
nitrogen fertilization (Figure 7). 
Dilute acid extractable phosphoru in the horizon increased in 
proportion to the amount of uperpho phate applied (Figure 8). After 
the first growing ea on there wa a tead decline in extractable phos-
phoru , but the amount pre ent after 4 years remained in proportion to 
the amou nt of superpho phate applied. A slight increase in phosphorus 
was observed in the B horizon only at the end of the second year . 
Applications of muriate 0£ potash ignificantly increased the amount 
of extractable potas ium in both the and B horizons during the first 
en 
;:l 
H 
0 
.c p.. 
en 
0 
.c 
P-t 
. 08 .. 
. 07 .. 
.06 
.05 
N(lbs./acre) 
P205(lb s ./ acre) 
0 
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0 
200 
200 
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:::;:::::::::::::::: 
200 
200 
I 
FIGURE 4.-The interacting effect of nitrogen and phosphorus fertilizers on phos-
phorus content of loblolly pine root Lx months aiter planting and fertilization. 
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year, with the greatest accumulation occurring in the B horizon (Figures . 
9 and I 0). By the end of the third year, however, the exchangeable po-
tassium in the entire profile had returned to prefertilization levels. 
DISCUSSION 
The retarding effect of nitrogen on seedling development was quite 
evident by the time tissue samples were collected in July of the first 
yea r. These trees were generally stunted and had shorter needles than 
those having received phosphorus, either alone or in combination with 
other nutrients. It was first thought that the reduction in growth was 
due to an excessive increase in osmotic concentration of the soil solu-
• tion. However, in light of subsequent observations, it appears that solute 
concentration had little effect on seedling development. There was no 
evidence of needle discoloration usually associated with high soil osmotic 
pressures, and even at the highest fertilizer rates, survival was not re-
duced. It is entirely possible, of course, for physiological drought to be 
of such a slight degree that the seedlings did not show the characteristic 
·• 
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FIGURE 5.-Phosphorus content of loblolly pine stems, six months after planting and 
fertilization, as affected by nitrogen applications. 
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symptoms of water deficiencie . Since the growth-retarding effects of 
ammonium nitrate were eliminated b uperphosphate applications, it 
would seem that some factor other than high osmotic concentration was 
involved. 
The corrective action of superphosphate suggests that ammonium ni-
tnite may have induced a phosphoru deficiency in these soils. As indi-
cated in Figure 3, ammonium nitrate applied at the 200-pound level 
caused pH in the A horizon to drop from 5.35 to 4.50 by the end of the 
fir t yea r. In describing the effects of acid-formi ng fertilizers on the 
availability of phosphoru ~, Grune (1959) noted that at low pH phos-
phorus comb ines with iron and aluminum to form highly insoluble 
compou nds. This cond ition is termed phosphorus fixation and has the 
effect of sharply reducing the amount of phosphorus available for plant 
use. Since the amount of available pho phorus in these soils prior to 
rJ) 
::l 
,_. 
. 11 ... 
. 10 ... 
_g . 09 ... 
0.. 
rJ) 
0 
..c:: p.. 
.08 -
0 50 0 100 0 200 
Nitrogen (lbs./acre) 
FIGURE 6.- Phosphorus content of lobloll pine needles, six months after planting 
and fertilization, as affected by nitrogen applications. 
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fertilization was quite low (Table 1) , it is entirely possible that fixation 
of the native phosphorus following heavy applications of ammonium 
nitrate reduced supplies of this nutrient to deficiency levels. 
Since there was no reduction in growth as long as nitrogen treat-
ments were accompanied by equal amounts of superphosphate, it ap-
pears that enough of the supplemental phosphorus escaped fixation to 
provide an adequate supply for seedling development. Placement of 
superphosphate in bands, thereby restricting the amount of surface con-
tact with soil particles, probably reduced fixation of the fertilizer phos-
phorus. 
• The reduction in phosphorus content of seedlings which accompan-
ied nitrogen treatments is further evidence that native phosphorus was 
made unavailable (Figures 4, 5, 6, and 7). The interacting effect of 
nitrogen and phosphorus on the phosphorus content of roots sampled 
at the middle of the first year is identical to that obtained for height 
growth. A significant reduction in phosphorus concentration was found 
when high levels of ammonium nitrate were applied without superphos-
• 
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FIGURE 7.-Phosphorus content of loblolly pine roots, one growing season after 
planting and fertilization, as affected by nitrogen applications. 
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phate. Such a reduction in phosphorus content of seedlings can be at-
tributed to the fact that le phosphoru was available for absorption 
because of fixation brought about b heav applications of ammonium 
nitrate. As in the case of growth , supplemental phosphorus acted as a 
corrective agent and increased the pho phoru content of seedlings as-
sociated with applications of superphosphate. 
The principal conclusion that can be drawn from this research is 
that loblolly pine does not respond to fertilization on these upper 
Fertilizer treatment : 0-0· 0 Fertilizer treatment: 0-200-0 
Phosphorus applied as superpho phate did not timulate height growth .. . 
18 
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Coastal Plain soils . The reason for this lack of response to fertilizers on 
these relatively in fertile soils is not readily apparent. It has been sug-
gested by Wilde (1961 ) that trees have a greater ability to utilize soil 
nutrients than agronomic crops, and the estimates of ava il able nutrients 
for use by trees have been too conservative. Most of these estimates are 
based on laboratory data using extracting procedures developed for 
crops growing on a particular group of soi ls. While these extracting 
Fertilizer treatment: I 00·0-0 Fertilizer treatment: 200-200-0 
. . . but did serve to correct the growth inhibiting influence of ammonium nitrate. 
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procedures are highly correlated with crop response to fertilizers, they 
may not give satisfactory estimates of the amount of nutrients avaiiable 
for tree growth. 
Some research, such as that reported by Pritchett and Llewellyn 
(1965), is being devoted to finding su itable laboratory procedures that 
will correlate nutrient levels in the soil with growth response of trees. 
In reviewing the literature dealing with forest fertilization it is apparent 
that relatively few studies have demonstrated a substantial and consistent 
growth response to the application of fertilizers. Without such responses 
correlations with nutrient levels in the soil are impossible, which may 
account for the lack of activity in this particular area of forest fertil iza-
tion research. 
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Consideration should also be given to the possibility that the exist-
ing population of loblolly pine has become well adapted to the low level 
of nutrients in these oils and as a re ult does not have the genetic po-
tential for utilizing greater quantities of nutrients. Genetic improvement 
in trees may be neces ary before a ignificant response to fertilizers can • 
be obtained. 
Fertilization is now being included in the progeny testing phase 
of tree improvement research. Goddard and Strickland (1966) found that 
differences in diameter at breast height due to fertilization of 5-year-old 
slash pine ranged from -0.45 to 0.80 inch among progeny lines. Results 
such as these, coupled with the hi torical background of agronomic crop • 
production, sugge t that fertilization of genetically improved trees may 
be a most significant factor in increasing wood production on forest 
lands. 
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